Attorney Docket No. 245339US6YA 
TITLE OF THE INVENTION 

THERMALLY ZONED SUBSTRATE HOLDER ASSEMBLY 



CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is related to and claims priority to U.S. Provisional Application Serial 
No. 60/429,540, filed November 29, 2002. The entire contents of this application are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates generally to a thermally-zoned substrate holder for 
maintaining the temperature of the surface of a substrate during processing in a 
plasma system, and more particularly to a substrate holder including thermal 
insulation separating multiple temperature controlled zones. 

Discussion of the Background 

[0002] It is known in semiconductor manufacturing that processing systems often use and, in 
many cases, require the incorporation of temperature control elements to control both 
wall and substrate temperatures and ensure robust substrate processing. For example, 
temperature control elements can include resistance heaters to heat a substrate holder 
which supports a semiconductor substrate during a processing step or steps, or to heat 
the chamber walls in order to reduce residue formation during processing. Moreover, 
temperature control elements can include fluid channels designed to carry either 
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heated or cooled fluid to and from the substrate holder or chamber wall in order to 
deposit heat in the processing system or extract heat from the processing system. In 
general, the substrate temperature as well as the chamber wall temperature, and their 
respective spatial uniformities, can have a profound influence on the process results. 
[0003] One example of a substrate holder comprising temperature control elements is shown 
in FIG. 1. As illustrated in FIG. 1, a substrate holder 11, typically fabricated from 
aluminum, includes a temperature control element 17, such as a cooling channel or a 
heating element which generally takes the form of a loop. In some case, heat transfer 
fins can extend from an internal surface of the temperature control element 17 in the 
substrate holder 1 1 in order to effectively increase the wetted surface area through 
which heat is exchanged between the substrate holder 1 1 and the temperature control 
element 17. 

SUMMARY OF THE INVENTION 
[0004] Therefore, a need exists for an apparatus and method for providing multiple insulated 
thermal zones in either a metallic or non-metallic substrate holder. A need further 
exists for such an apparatus and method to be simply and inexpensively installed and 
maintained. 

[0005] Accordingly, it is an object of the present invention to create multiple insulated 

thermal zones in a substrate holder to better tailor features to the cooling and heating 
processes thereof. The distinctly separate temperature controlled passages and heating 
elements create multiple temperature zones in the substrate holder that allow the 
temperature controlling mechanisms in the substrate holder to be utilized effectively. 

[0006] According to one embodiment of the present invention, a thermally insulating material 
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is inserted between cooling passages to form independently controllable temperature 
zones. Such thermal insulators can be any material or combination of materials with a 
low heat transfer coefficient (e.g., air or vacuum). 
[0007] In addition, reflecting surfaces on the outer surfaces of the thermal insulator can be 

utilized. These reflective surfaces can be produced in many different ways, including 
but not limited to foil, sputtering and surface treatments. The reflecting surfaces 
further hinder the heat transfer characteristics of the thermal insulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] A more complete appreciation of the invention and many of the attendant advantages 

thereof will become readily apparent to those skilled in the art with reference to the 

following detailed description particularly when considered in conjunction with the 

accompanying drawings, in which: 
[0009] FIG. 1 is a cross-sectional view of a known substrate holder; 
[0010] FIG. 2 A is a top view of a substrate holder according to the present invention; 
[001 1] FIG. 2B is a side view of a substrate holder according to the present invention; 
[0012] FIG. 2C is a cross-sectional view of a substrate holder according to the present 

invention; 

[0013] FIG. 2D is a bottom view of a substrate holder according to the present invention; 
[0014] FIG. 3 is a cross-sectional view of an insulator separating plural temperature control 

elements according to another embodiment; 
[0015] FIG. 4 A is a cross-sectional view of a substrate holder according to another 

embodiment of the present invention; 
[0016] FIG. 4B is a bottom view of a substrate holder according to another embodiment of 
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the present invention; 
[0017] FIG. 5 A is a cross-sectional view of a substrate holder according to another 

embodiment of the present invention; 
[0018] FIG. 5B is a bottom view of a substrate holder according to another embodiment of 

the present invention; 

[0019] FIG. 6 A is a side view of a substrate holder according to another embodiment of the 
present invention; 

[0020] FIG. 6B is a cross-sectional view of a substrate holder according to another 

embodiment of the present invention; and 
[0021] FIGs. 7A-7D illustrate various steps in a manufacturing method of the present 

invention; and 

[0022] FIGs. 8A-8C illustrate top and cross-sectional views of another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0023] Referring now to the drawings wherein like reference numerals designate identical or 
corresponding parts throughout the several views, FIGs. 2A, 2B, 2C, and 2D illustrate 
a top view, a side view, a side cross-sectional view , and a bottom view, respectively, 
of a substrate holder 40 for holding/supporting a substrate (e.g., a semiconductor 
• wafer or a liquid crystal display panel) during processing in a processing environment. 
The substrate holder 40 includes a first temperature control element 41 A and a 
second temperature control element 4 IB. 
[0024] The first and second temperature control elements 41 A and 41 B are substantially 
circular. For, example, each temperature control element can comprise a cooling 



channel for circulating a fluid at reduced temperature, a heating channel for 
circulating a fluid at elevated temperature, a resistive heating element, an array of 
thermo-electric coolers, etc. For clarity of presentation, the former temperature 
control elements (e.g., a cooling channel or heating channel) is exemplified in FIGs. 
2C and 2D. Each temperature control element is represented by a temperature 
controlled cooling (or heating) channel (also referred to as a passageway) formed into 
the substrate holder 40. An insulator 43 is positioned between the first and second 
temperature control elements 41 A and 41B. The insulator 43 is substantially 
concentric with the first and second temperature control elements (tee) 41 A and 4 IB. 
Inlets 44 and outlets 45 (FIG. 2D) provide means for circulating (counterclockwise for 
tee 41B and clockwise for tee 41 A) the fluid (e.g. Flourinert, Galden, HT 135) 
through each temperature control element 41 A, 4 IB, and in a quantity necessary to 
maintain the substrate holder 40 within a specified temperature range. 
[0025] As shown in FIG. 2C, the temperature control elements 41A and 41B are formed 

substantially within the center of the substrate holder 40. Preferably, the temperature 
control elements 41 A and 4 IB should be equidistant from the top of the substrate 
holder to the bottom of the substrate holder. For example, the substrate holder 40 has 
a depth from the top surface 42a to the bottom surface 42b of Di. The depths from the 
top surface 42a to the upper surface of the temperature control elements 41 A and 4 IB 
and from the bottom surface 42b to the base of the cooling/heating elements 41 A and 
41B is D 2 . and D 4 , respectively. Thus, for example, the height of the temperature 
control elements 41 A and 4 IB is D 3 where D 3 = Di-D 2 -D 4 . However, as will be 
discussed later, the height of the temperature control element can be variable. 
Alternately, fin-like projections 46 having a depth D 5 can extend towards the base of 
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the temperature control elements 41 A and 4 IB from the upper surface of the 
temperature control elements 41B and 4 IB. The fin-like projections 46 provide 
additional wetted surface area through which heat may be transferred. 

[0026] A thermal insulator 43 extends from nearly the top surface 42A to nearly the bottom 
surface 42B. The insulator 43 has a substantially rectangular cross-section where the 
top end is parallel to the surface 42 A and the bottom end is parallel to the surface 42B. 
The insulator 43 extends in a circle through the substrate holder 40 such that the 
temperature control elements 41 A and 4 IB are effectively thermally separated from 
one another. That said, although this invention contemplates that the insulator 43 
could extend all the way to the surfaces of the substrate holder 40, it is preferable that 
a thin layer of substrate holder material remain at least above the insulator. This aids 
in the structural integrity of the substrate holder 40. 

[0027] An adhesive 47 can be used to bond the insulator 43 to the substrate holder 40; 

however, it is not necessary. The adhesive 47 should prevent or substantially decrease 
leakage across the insulator 43 and maintain a seal for the life of the substrate holder 
40. Preferably, the adhesive 47 will also have heat transfer properties similar to the 
thermal insulator 43. As such, the adhesive 47 can be made of some industrial grade 
glue, a frit composed of fine alumina mixed with an adhesive, or where a quartz 
substrate holder is used, a frit composed of quartz powder mixed with an appropriate 
base vehicle and thinner. 

[0028] During higher temperature applications where radiative transport becomes more 
significant, reflecting surfaces 48 may be applied to either side of the insulator 43. 
The reflecting surfaces 48 further inhibit heat transfer from one side of the insulator 
43 to the other side. 



[0029] An alternate embodiment of the present invention is illustrated in FIG. 3. According 
to this embodiment, an gaseous chamber 49 is shown serving as the insulator. The 
gaseous chamber 49 is preferably composed of a section of the substrate holder 
material extending from substantially the top surface 42A to substantially the bottom 
surface 42B. As above, the gaseous chamber 49 extends in a circle through the 
substrate holder 40 such that the temperature control elements 41 A and 41 B are 
effectively thermally separated from one another. 

[0030] The space defined by the area inside the gaseous chamber 49 is configured to receive a 
gas at a predetermined pressure (e.g., atmospheric pressure, vacuum pressure, or 
above-atmospheric pressure) and temperature. A piping system 50 couples the 
gaseous chamber 49 to a gas supply with, for example, a pressure regulator and/or a 
pumping system, other gaseous chambers, and possibly to the atmosphere. The piping 
system 50 may also connect the gaseous chamber 49 with a gas source extrinsic to the 
substrate holder so that a gas may be pumped into the air chamber 49. 

[0031] The insertion of insulator 43 between temperature control elements 41 A and 41B can 
reduce the thermal transfer between the respective thermal zones by an amount in 
excess of 95%. The amount of heat transfer is related to the effective reduction in 
thermal conduction between the two or more thermal zones by the insertion of 
insulator 43. This effective reduction in the thermal conduction between the two 
thermal zones is primarily attributed to the material properties of the insulator 43 (e.g., 
thermal conductivity of insulator 43 relative to the thermal conductivity of the 
material comprising the substrate holder 40), the thickness of insulator 43, and the 
fraction of area separating the two thermal zones that is occupied by the insulator 43 
(e.g., the insulator 43 may not extend entirely to surfaces 42A and 42B in order to 



retain the structural integrity of the substrate holder 40). For example, given an 
insulator 43 of thickness equivalent to 2 mm and of height extending to within 1 mm 
of the upper surface 42A and the lower surface 42B of a 5 cm thick substrate holder 
40, the percent reduction in heat transfer between thermal zones is estimated in 
TABLE I for an insulator 43 comprised of alumina, quartz, helium at standard 
temperature and pressure (STP), or helium at 1 mTorr. Additionally, as provided in 
TABLE I, the respective thermal conductivities used for approximating a percent 
reduction in heat transfer are presented. 
[0032] TABLE I 



MATERIAL 


k (W/m-K) 


% REDUCTION 


Aluminum 


237 


NA 


Alumina 


46 


77.4 


Quartz 


10.4 


91.8 


Helium (STP) 


0.18 


95.9 


Helium (1 mTorr) 


0.00018 


96 



[0033] Other arrangements of this embodiment include the use of a material different from 
the substrate holder material to support the gaseous chamber 49. Such material could 
include any material with heat transfer capabilities less than that of the substrate 
holder material. For example, the thermal insulating material employed in the first 
embodiment, assuming that a seal for the gaseous chamber could be maintained. 

[0034] As in the first embodiment, reflecting surfaces 48 may be applied to the sides of the 

gaseous chamber 49 to further inhibit heat transfer on one side of the gaseous chamber 
49 on the other side. 

[0035] The result of installing the insulators discussed above is a significantly reduced degree 
of heat transfer through different zones of the substrate holder 40. To overcome 
shortcomings associated with a substrate holder having a uniform temperature profile, 



the substrate holder in the present invention includes at least two thermal zones across 
the surface 42A which can correspond to the arrangement and shape of the 
temperature control elements and the insulator(s) installed in the substrate holder. 
Thus, the effects of temperature gradients can be manipulated as necessary for a 
particular substrate process. 

[0036] As shown in FIGs. 2A-D, and 3, the temperature control elements 41 A and 41B are 
concentric elements. These concentric elements can have a constant cross-section 
along their length, or they can have a non-constant cross-section with length. 
Alternately, the temperature control elements can be radially extending elements as 
shown in cross-sectional view in FIG. 4 A and in bottom view in FIG. 4B. For 
example, the radially extending temperature control elements can be fluid channels, 
each having an inlet 44 at a first radius and an outlet 45 at a second radius. 

[0037] With reference now to FIG. 4 A, a cross section along the side of the temperature 
control element is shown so as to illustrate a preferable arrangement of the 
temperature control element 41 A and 4 ID (note, the drawing is not to scale). The 
inlet 44 and outlet 45 are shown wherein the cooling element depth at the inlet 44 is 
D 6 and the depth at the outlet 45 is D 6 '. Since the width of the radial spindle increases 
as one moves radially outward, the depth is decreased from D 6 to D 6 ' in order to 
maintain the same cooling channel cross-sectional area. Due to mass conservation, 
the constant area maintains a constant flow velocity. If the depth is maintained 
constant, then the increase in area would result in a decrease of the flow velocity 
hence leading to a decrease in the heat transfer coefficient. This is contrasted with 
what would be a significant reduction in the heat flux associated with the reduction in 
the flow velocity. 
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[0038] As an example, the coolant flow channels can be maintained throughout with an 
approximately constant cross-sectional area. This enables the constant, nearly 
uniform flow throughout. A second order effect in this case is the slight reduction in 
hydraulic diameter with radius which also increases the heat transfer coefficient (only 
slightly) these two effects are necessary to aid in achieving a constant heat flux with 
radius (an increase in the heat transfer coefficient can balance the increase in the 
cooling temperature). An alternate embodiment includes a decreasing cross-sectional 
area with an increasing radius. In this case, the insulator 43 can have a constant 
height Di along the length of the insulator. 

[0039] In accordance with this invention, the insulator 43 is shaped independently of the 
shape of the cooling element. Thus, insulator 43 will have a constant height nearly 
equal to the height of the substrate holder D, along the entire length of the insulator. 
Therefore, the insulator maintains a nearly constant level of heat transfer reduction 
along its entire length. 

[0040] Alternately, as shown in FIGs. 5A and 5B, substrate holder 40 can comprise a 

combination of azimuthally (or concentric) temperature control elements and radially 
extending temperature control elements. 

[0041] An alternate arrangement of the present invention is shown in FIG. 6 A. FIG. 6B is an 
exemplary quartz substrate holder as described in United States patent application 
serial number 10/088,504 filed on March 28, 2002, which is herein incorporated by 
reference. A set of substrate holder layers including an upper layer 100 and a lower 
layer 101 are shown. The upper layer 100 can comprise a cylindrical plate (or cover 
plate). The lower layer 101 includes a plurality of cooling strips including inner 
cooling strips 102 and outer cooling strips 103. Furthermore, the lower layer 101 



includes insulating strips including inner insulating strips 1 04, outer insulating strips 
105, and concentric insulating strips 106, each of which reside within receiving 
features formed within lower plate 101. The receiving features can be machined using 
techniques well known to those skilled in the art of machining quartz. 

[0042] Support structures 108 align each face with the other. When aligned, the insulating 
strips 104, 105 fit within the inner cooling strips 102 and the outer insulating strips 
103. Therefore, the insulating strips 104, 105 form thermal insulating zones within 
the cooling strips 102, 103. Once the cooling channels 102, 103, and the receiving 
features for insulating strips 104, 105, 106 are machined, and the insulating strips are 
inserted within the receiving features, the upper layer 100 can be coupled to the lower 
layer 101. For example, the coupling between upper layer 100 and lower layer can be 
achieved using fusion bonding as is known to skilled in the art of bonding quartz. 

[0043] Still referring to FIG. 6B, the pattern of the cooling channel is shown whereby 

particular sections of the substrate holder are cooled by localized cooling systems. 
Particularly inner cooling strip 102 is substantially trapezoidal shaped. Thus it is 
narrow at the center of the substrate holder and becomes wider as the strip extends 
towards the outer sections of the substrate holder. Coolant for the cooling strips 
enters the cooling strip of the inlets 109 and is pumped out by outlets 110. 

[0044] Alternately, where it is impractical to attempt to install thermal zones into a substrate 
holder, as in some of the arrangements of cooling strips in United States patent 
application serial number 10/088,504 filed on March 28, 2002, herein incorporated by 
reference, in which the cooling strips consist of a very narrow passage, the present 
invention can be modified. In this case the invention installed into the substrate 
holder would replace substrate holder material between the stripes. This arrangement 



would therefore be similar to the arrangement discussed above with reference to the 
aluminum substrate holders. 

[0045] Because the material used in quartz substrate holders has a low thermal conductivity, 
it would be necessary for the insulator to have an extremely low thermal conductivity 
to be effective in preventing heat transfer. Certainly, the gaseous chamber or vacuum 
discussed above would qualify as potentially effective insulators. 

[0046] Manufacture of a substrate holder according to one embodiment of the present 

invention involves generally 4 distinct steps (e.g., as shown in FIGs. 7A-7D). The 
substrate holder 40 is formed from an upper portion 40 A and a lower portion 40B. As 
illustrated in figure 7A, a section of the upper portion 40A of substrate holder 40 is 
removed to make room for the temperature control elements 41 A, 41B (and optionally 
forming fins 46). Thus, surface 42B must be penetrated such that the section of the 
substrate holder remaining has a depth, D 2 where the temperature control elements 
41 A, 41 B are envisioned. A section 61 of the substrate holder 40 is removed to nearly 
surface 42a where the insulator 43 is intended to be installed. 

[0047] Next, as shown in FIG. 7B, the insulator 43, including an (optional) adhesive 47 is 
inserted into the space created for it such that the adhesive 47 forms a good seal 
between the insulator 43 and the substrate holder 40. 

[0048] Next, as shown in FIG. 7C, the upper and lower portions 40A and 40B, respectively, 
the substrate holder 40 are assembled so as to form floors of the temperature control 
elements 41 A, 4 IB. As shown in FIG. 7D, these portions are then welded to form 
weld joint 203 on the substrate holder 40 and creating the temperature control 
elements 41 A, 4 IB. 

[0049] As a result when assembled, the insulating strips divide the cooling strips into thermal 



rows. Due to the high number of individual cooling strips, spread across the surface 
of the substrate holder, the various thermal zones provide an effective means for 
cooling specific areas of the substrate holder. 
[0050] In an alternate embodiment, FIGs. 8A and 8B present a top view and side cross- 
sectional view of a substrate holder 400. Substrate holder 400 comprises a first array 
of temperature control elements 41 OA, 41 0B, and 4 10C, and a second array of 
temperature control elements 420A, 420B, and 420C. The first array of temperature 
control elements 410A-C can, for example, comprise a fluid channel that permits the 
passage of a cooled or heated fluid for transferring heat from or to the substrate holder 
400, respectively. Additionally, the second array of temperature control elements 
420A-C can, for example, comprise an array of thermo-electric elements capable of 
heating or cooling a substrate depending upon the direction of electrical current flow 
through the respective elements. An exemplary thermo-electric element is one 
commercially available from Advanced Thermoelectric, Model ST-127-1.4-8.5M (a 
40 mm by 40 mm by 3.4 mm thermo-electric device capable of a maximum heat 
transfer power of 72 W). The second array of temperature control elements 420A-C 
can be adapted for rapid control of substrate temperature, and, depending upon the 
direction of heat flow, the first array of temperature control elements 410A-C can be 
adapted to transfer heat to or remove heat from the backside of the second array of 
temperature control elements 420A-C. Furthermore, as illustrated in FIG. 8B, 
substrate holder 400 further comprises one or more thermal insulators 430A, 430B in 
order to provide thermal insulation between respective temperature control zones. 
Each thermal insulator 430A, 430B can comprise an annular space coupled to a gas 
supply through one or more pressure control devices 450A, 450B. Additionally, each 
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annular space can be coupled to at least one of a channel or array of gas distribution 
orifices 440A, 440B in order to couple a gas supplied to the thermal insulator to the 
space residing between a back-side surface of the substrate and an upper surface of the 
substrate holder 400. The gas can, for example, comprise an inert gas such as helium, 
argon, xenon, a process gas such as CF4, C4F8, C5F8, C4F6, etc., or any other gas 
such as hydrogen, oxygen, nitrogen, etc. Pressure control devices 450A, 450B can be 
utilized to control the pressure in the annular space of each thermal insulator 43 OA, 
430B, and the space residing between the back-side of the substrate and the upper 
surface of the substrate holder 400. 

[0051] Alternately, as illustrated in FIG. 8C, an additional thermal insulator 430C can be 
utilized to distribute a gas to the center region of the substrate through an additional 
pressure control device 45 0C. 

[0052] Alternately, each thermal insulator 430A, 430B, and 430C is coupled to a single gas 
supply device with a single pressure control device. 

[0053] As would be understood by one of ordinary skill in the art, the application of gas to 
the backside of a wafer via thermal insulators is not limited to the embodiment of 
FIGs. 8A-8C. Any of FIGs. 1-7 can be modified to include at least one thermal 
insulator 430 in addition to or in place of their corresponding illustrated insulators. 

[0054] Although only certain exemplary embodiments of this invention have been described 
in detail above, those skilled in the art will readily appreciate that many modifications 
are possible in the exemplary embodiments without materially departing from the 
novel teachings and advantages of this invention. Accordingly, all such modifications 
are intended to be included within the scope of this invention. 
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